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1. INTRODUCTION 
Over 150 teams of undergraduates spent the first weekend in February laboring on applied 
mathematics problems. They were part of the Third Mathematical Competition in Modeling (MCM). 
On Friday morning the school MCM faculty advisor had opened an MCM packet and presented 
each 3-student team with a choice of one out of two problems. The solution papers were mailed 
to COMAP on Monday. 
The MCM graders received solution papers from 156 teams (representing 118 schools), all of 
which were acceptable. This is more than a 30% increase over MCM 1986 (which had 118 solution 
papers, representing 90 schools). Four of the top papers appear in this issue of Mathematical 
Modelling. For the background to this contest and a description of MCM 1985 please see Vol. 6 
(1985), pp. 473-484 of this journal or write to the author for a reprint.t 
2. THE TWO MCM 1987 PROBLEMS 
Salt Storage 
For approx. 15 years a midwestern state has stored salt used on roads in the winter 
in circular domes. Figure 1 shows how salt has been stored in the past. The salt is 
brought into and removed from the domes by driving front-end loaders up ramps of 
salt leading into the domes. The salt is piled 25-30ft high, using the buckets on the 
front-end loaders. 
Recently, a panel determined that this practice is unsafe. If the front-end loader 
gets too close to the edge of the salt pile the salt might shift, and the loader could 
be thrown against the retaining walls that reinforce the dome. The panel recommended 
that if the salt is to be piled with the use of loaders, then the piles be restricted to a 
maximum height of 15 ft. 
Construct a mathematical model for this situation and find a recommended 
maximum height for salt in the domes. 
Door cLearonce 
Front-end loader 
103’ dlomeler 
Fig. 1 
t The MCM is in its last year of a 3-year grant from the Fund for the Improvement of Postsecondary Education (FIPSE) 
of the U.S. Department of Education. The grant is administered by the Consortium for Mathematics and its Applications 
(COMAP). The author is MCM project director. 
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Parking Lot 
The owner of a paved, 100 x 2OOft, comer parking lot in a New England town 
hires you to design the layout, i.e._ to design how the “lines are to be painted”. 
You realize that squeezing as many cars into the lot as possible leads to right- 
angle parking with the cars aligned side by side. However, inexperienced drivers have 
difficulty parking their cars this way, which can give rise to expensive insurance 
claims. To reduce the likelihood of damage to parked vehicles, the owner might then 
have to hire expert drivers for “valet parking”. On the other hand, most drivers seem 
to have little difficulty in parking in one attempt if there is a large enough “turning 
radius” from the access lane. Of course, the wider the access lane, the fewer cars can 
be accommodated in the lot, leading to less revenue for the parking lot owner. 
The faculty advisor was instructed to open the envelope Friday morning and instruct the team 
to choose a problem by noon (else the advisor was to assign the team one of the problems). 
The ground rules allowed the team to use an inanimate source. It was emphasized that partial 
solutions were acceptable, and that there was no passing score. Except for diagrams, graphs etc., 
the solution paper had to be typed. 
The following 7-point outline was provided: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
A clarification or restatement of the problem as appropriate. 
A clear exposition of all assumptions and hypotheses. 
An analysis of the problem, justifying or motivating the modeling to be used. 
The design of the model. 
A discussion of how the model can be tested. 
A discussion of the strengths and weaknesses of the model, including error analysis 
and such things as stability (conditioning, sensitivity). 
A one-page summary of results. 
3. RESULTS OF THE CONTEST 
The formidable array of 156 solutions were coded by COMAP and then mailed to the chief 
grader, D. R. Morrison at the University of New Mexico, Albuquerque. He and 10 associate graders 
then argued and judged their way through the papers, probably working almost as hard as the 
students did. 
The graders classified the 156 solution papers as follows: 
Successful Honorable 
oarticination Mention Meritorious 
Salt Storage 31 12 10 9 
Parking Lot 125 62 33 30 
Total 156 74 43 39 
The MCM Advisory Board unanimously designated four of the Meritorious papers, two from 
each problem, as Outstanding: 
Salt 
1. 
Storage (31 solution papers) 
Salt Pile Stability: a Mathematical Model 
Moorhead State University, D. Schroeder 
Moorhead, MN 56560 T. Stone 
Professor R. M. Jeppson D. Wendt 
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2. The Salt Problem-Making a Mountain Out of Molehills 
University of Colorado, D. Quinlan 
Denver, CO 80202 J. Stoffel 
Professor W. L. Briggs C. Sweeney 
Parking Lot (125 solution papers) 
1. Designing the Optimal Placement of Spaces in a Parking Lot 
Calvin College, R. Bingle 
Grand Rapids, MI 49506 D. Meindertsma 
Professor G. A. Klaasen W. Oostendorp 
2. Solving One of New England’s Parking Problems 
Rensselaer Polytechnic Institute, L. A. Colby 
Troy, NY 12180 K. Jewel1 
Professor D. A. Drew M. Odendahl 
The papers of these winning teams appear in this issue of Mathematical Modelling. 
The other Meritorious teams (and their MCM advisors) are: 
Salt Storage 
Belhaven College, Jackson, Mississippi (J. Smith) 
Cooper Union, New York, New York (E. Kondopirakis) 
Parks College, St Louis University, Cahokia, Illinois (D. Grow) 
Rose-Hulman Institute of Technology, Terre Haute, Indiana (B. J. Winkel) 
U.S. Military Academy, West Point, New York (D. C. Arney) 
University of Alabama, Huntsville, Alabama (C. H. Morales) 
Worcester Polytechnic Institute, Worcester, Massachusetts (D. Housman) 
Parking Lot 
Agnes Scott College, Decatur, Georgia (R. A. Leslie) 
Albion College, Albion, Michigan (M. M. Meerschaert) 
Beloit College, Beloit, Wisconsin (P. D. Straffin) 
Boise State University, Boise, Idaho (A. Hausrath) 
California State University, Fullerton, California (W. B. Gearhart) 
Clemson University, Clemson, South Carolina (W. H. Ruckle) 
Cornell University, Ithaca, New York (R. Roundy) 
Drake University, Des Moines, Iowa (A. F. Kleiner) 
Eastern Michigan University, Ypsilanti, Michigan (C. E. Hee) 
Hood College, Frederick, Maryland (B. Mayfield) 
Miami University, Oxford, Ohio (B. Plybon) 
Oakland University, Rochester, Michigan (I. E. Schochetman) 
Ohio State University, Columbus, Ohio (T. Ralley) 
Parks College of St. Louis, Cahokia, Illinois (L. Viehland) 
Queen’s University, Kingston, Ontario, Canada (R. Erdahl) 
School of the Ozarks, Point Lookout, Missouri (L. Campbell) 
U.S. Air Force Academy, Colorado Springs, Colorado (J. Andrew) 
U.S. Military Academy, West Point, New York (R. W. Sinclair) 
University of Alaska, Fairbanks, Alaska (J. P. Lambert) 
University of Alaska, Fairbanks, Alaska (J. P. Lambert) 
University of Massachusetts, Amherst, Massachusetts (E. A. Connors) 
University of Missouri, Columbia, Missouri (M. Ashbaugh) 
University of Missouri, Rolla, Missouri (L. M. Hall) 
University of Toronto, Toronto, Ontario, Canada (G. F. D. Duff) 
University of Wisconsin, Oshkosh, Wisconsin (R. A. Hollister) 
Washington University, St Louis, Missouri (H. Mukai) 
Western Washington University, Bellingham, Washington (J. R. Reay) 
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Worcester Polytechnic Institute, Worcester, Massachusetts (D. Houseman) 
A list of participating schools, advisors and contest classification is given in the Appendix. 
4. AWARDS AND CONTRIBUTIONS 
Each participating MCM advisor and team member has been presented with a certificate signed 
by the chief grader and project director. 
FIPSE funds have provided bronze plaques for the schools of the four winning teams. FIPSE 
funds will provide copies of this issue of Mathematical Modelling for all advisors and for members 
of the Meritorious teams. 
ORSA awarded one winning team from each problem a fully-paid trip to the May 1987 TIMS- 
ORSA Meeting in New Orleans, Louisiana, and a total of $300 in cash prizes. The teams were 
Moorhead State University (Salt Storage) and Rensselaer Polytechnic Institute (Parking Lot). Each 
team made a presentation at a special MCM session of the TIMS-ORSA Meeting. Moreover, 
ORSA will offer free l-year memberships to the members of all Meritorious or Honorable Mention 
teams. 
5. GRADING AND POLICY 
The 11 MCM 1987 readers were: 
Chief grader 
D. R. Morrison, Department of Computer Science, University of New Mexico, Albuquerque, 
New Mexico 
Associate graders 
A. Barrero, Department of Computer Science, University of New Mexico, Albuquerque, New 
Mexico 
R. G. Batson, Industrial Engineering Department, University of Alabama, University, Alabama 
S. Bell, Department of Computer Science, University of New Mexico, Albuquerque, New Mexico 
W. Brainerd, Department of Computer Science, University of New Mexico, Albuquerque, New 
Mexico 
B. A. Fusaro, Department of Mathematical Sciences, Salsibury State College, Salisbury, Maryland 
R. S. Grassl, Department of Mathematics, University of New Mexico, Albuquerque, New Mexico 
M. S. Keener, Department of Mathematics, Oklahoma State University, Stillwater, Oklahoma 
B. M. Moret, Department of Computer Science, University of New Mexico, Albuquerque, New 
Mexico 
B. Patty, Department of Industrial Systems Engineering, University of Southern California, Los 
Angeles, California 
M. Thompson, Dean of Arts and Sciences, University of Indiana, Bloomington, Indiana 
The MCM Advisory Board decides policy and approves certain Meritorious papers (“winners”) 
for publication. The members of the MCM 1987 Advisory Board are: 
B. A. Fusaro (Chairman), Salisbury State College, Salisbury, Maryland 
M. S. Keener, Oklahoma State University, Stillwater, -Oklahoma 
D. R. Morrison, University of New Mexico, Albuquerque, New Mexico 
W. Page, New York City Technical College, New York 
F. S. Roberts, Rutgers University, New Brunswick, New Jersey 
E. Y. Rodin, Washington University, St Louis, Missouri 
L. H. Seitelman, Pratt & Whitney, East Hartford, Connecticut 
M. Thompson, University of Indiana, Bloomington, Indiana 
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6. COMMENTS ON THE PROBLEMS AND SOLUTIONS 
The Salt Storage problem was contributed by M. Thompson of the University of Indiana. 
(Thompson has been an MCM grader and member of the Advisory Board since 1985. He is also 
a co-author, with D. P. Maki, of a pioneering undergraduate text in modeling.) It is a modified 
version of an actual problem that appeared in the Indianapolis Star in November 1986. 
Only 31 of the 156 papers submitted dealt with this analytically more difficult problem. The two 
winning teams, Calvin College and Moorhead State University, allowed a safe piling to (at least) 
21 ft, a considerable increase over the panel’s recommendation of 15 ft: (21/15)’ = (7/5)3, an approx. 
275% increase in volume. 
The Parking Lot problem was contributed by M. D. Weir of the Naval Postgraduate School. 
(Weir is co-author, with F. R. Giordano, of a recent undergraduate text in modeling.) 
As usual, a much larger portion of the student teams chose the discrete problem: 125 of the 156 
papers submitted dealt with the Parking Lot problem. Most made heavy use of computers in their 
solutions. The two winning teams, Rensselaer Polytechnic Institute and the University of Colorado 
(Denver) concluded that the lot could be designed to hold over 75 average-sized cars. 
Generally, the 1985, 1986 and 1987 contests suggest that there is a good nucleus of budding 
modelers in the schools. Small colleges continue to be represented, as is evident from their showing 
in the list of Meritorious teams (see the Appendix for a full listing). Especially noteworthy is Calvin 
College, which had a Meritorious team in each of the 3 years of the contest with winning teams 
in 1985 and 1987. 
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726 The 1987 Mathematical Competition in Modeling 
APPENDIX (MCM DATABASE) 
Participating Schools, Advisors and Contest Classification 
Suc~essfiil Participants 
Institute City Advisor Problem 
Alaska 
Univ. of Alaska 
Univ. of Alaska 
Alabama 
Univ. of Alabama 
Arkansas 
Hendrix Colt. 
Horry-Georgetown Tech. 
Harry-Georgetown Tech. 
Arizona 
Univ. of Arizona 
Coli/ornio 
California Polytech. State Univ. 
California Polytech. State Univ. 
California State Univ. 
California State Univ. 
California State Univ. 
Harvey Mudd Coil. 
Harvey Mudd Coil. 
Humboldt State Univ. 
Pomona Coil. 
Sonoma State Univ. 
Univ. of California 
Univ. of California 
Univ. of Southern California 
Univ. of Southern California 
Colorado 
Metropolitan State Coll. 
Metropolitan State COIL 
U.S. Air Force Acad. 
U.S. Air Force Acad. 
Univ. of Colorado 
Connecticut 
Connecticut Coil. 
District of Columbia 
Georgetown Univ. 
Florida 
Florida Inst. of Technol. 
Stetson Univ. 
Georgia 
Agnes Scott Colt. 
Agnes Scott Coil. 
Iowa 
Clarke Coil. 
Drake Univ. 
Grinnell Coil. 
Maharishi Int. Univ. 
Northwestern Coil. 
Idaho 
Boise State Unrv. 
Illinois 
Blackburn Coil. 
DePaul Univ. 
Macmurray Coll. 
Parks Coil., St Louis Univ. 
Parks Coil.. St Louis Univ. 
Wheaton Coil. 
Wheaton Coil. 
Indiana 
Rose-Hulman Inst. of Tcchnol. 
Rose-Hulman Inst. of Technol. 
St Mary’s Coil. 
Kentucky 
Asbury Coll. 
Fairbanks 
Fairbanks 
Huntsville 
Conway 
Conway 
Conway 
Tucson 
San Luis Obispo 
San Luis Obispo 
Fresno 
Northridge 
Fullerton 
Claremont 
Claremont 
Arcata 
Claremont 
Rohnert Park 
Berkeley 
Berkeley 
Los Angeles 
Los Angeles 
Denver 
Denver 
Colorado Springs 
Colorado Springs 
Denver 
New London 
Washington 
Melbourne 
Deland 
Decatur 
Decatur 
Dubuque 
Des Momes 
Grmnell 
Fairfield 
Orange City 
Boise 
Carlinville 
Chicago 
JacksonwIle 
Cahokia 
Cahokia 
Wheaton 
Wheaton 
Terre Haute 
Terre Haute 
Madelcva 
Wilmore 
J. P. Lambert 
J. P. Lambert 
C. H. Morales 
S. H. Allen 
J. C. Roth 
J. C. Roth 
R. Askin 
T. O’Neil 
T. O’Neil 
L. W. Cusick 
T. P. Lin 
W. B. Gearhart 
R. Borrelli 
R. Borrelli 
C. M. Biles 
R. Elderkin 
C. E. Falbo 
R. Hall 
F. A. Grunbaum 
R. Iranpour 
P. Chacow 
T. Kelley 
T. Kelley 
J. Andrew 
W. Less0 
W. L. Briggs 
W. F. Brady 
A. Vogt 
L. Fausett 
M. G. Branton 
R. A. Leslie 
R. A. Leslie 
C. Spiegel 
A. F. Kleiner 
E. H. Moore 
A. Boerkoel 
J. T. Peterson 
A. Hausrath 
M. Meredith 
J. Bergen 
E. Ecker 
L. Viehland 
D. Grow 
1. E. Mann Jr 
J. E. Mann Jr 
B. J. Winkel 
R. Lopez 
D. Miller 
K. Rietz 
PLb 
PLb 
PLb 
PL 
PL 
PL 
PL’ 
ss 
PL 
PL 
PL 
PLb 
SS’ 
PL’ 
SS’ 
PL’ 
ss 
ss 
PL’ 
PL’ 
SS’ 
PL 
PL 
PLb 
PL 
SS’ 
PL 
PL’ 
PL 
PL 
PL’ 
PLb 
PL 
PLb 
PL’ 
PL 
PL 
PLb 
PLC 
ss 
PL 
PLb 
SSb 
PL’ 
PL 
SSb 
PL 
PL 
PL 
conrinued opposire 
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Appendix-continued 
Institute City Advisor Problem 
LOusian 
McNecse State Univ. 
Northwestern State Univ. 
Massachusetts 
Univ. of Massachusetts 
Western New England Coil. 
Williams Coil. 
Worcester Polytech. Inst. 
Worcester Polytcch. Inst. 
Maryland 
Coil. of Notre Dame 
Gouchcr Coil. 
Hood Colt. 
Hood Coil. 
Mt St Mary’s Coil. 
Michigan 
Albion Coil. 
Albion Coil. 
Calvin Coil. 
Calvin Colt. 
Eastern Michigan Univ. 
Northern Michigan Univ. 
Oakland Univ. 
Univ. of Michigan 
Univ. of Michigan 
Minnesota 
Coil. of St Teresa 
Moorhead State Univ. 
Moorhcad State Univ. 
Missouri 
Harris Stowc State Coil. 
Missouri Western State COIL 
Rockhurst Coil. 
School of the Ozarks 
Univ. of Missouri 
Univ. of Missouri 
Univ. of Missouri 
Washington Univ. 
Washington Univ. 
Mississippi 
Belhavcn Coil. 
Belhaven Coil. 
New Jersey 
Rutgers Univ. 
Rutgers Univ. 
Rutgers Univ. 
NeLlada 
Sierra Nevada Coil. 
New York 
Cooper Union 
Cooper Union 
Cornell Univ. 
Cornell Univ. 
Marist Coil. 
Nazareth Coil. 
Nazareth COIL 
Rensselaer Polytcch. Inst. 
Suny Coil. 
U.S. Military Acad. 
U.S. Military Acad. 
Univ. of Rochester 
Ohio 
Columbus Coil. 
Hiram Coil. 
Kent State Univ. 
Kent State Univ. 
Malone Coil. 
Lake Charles 
Alexandria 
Amherst 
Springfield 
Williamstown 
Worcester 
Worcester 
Baltimore 
Towson 
Frederick 
Frederick 
Emmitsburg 
Albion 
Albion 
Grand Rapids 
Grand Rapids 
Ypslanti 
Marquette 
Rochester 
Flint 
Flint 
Winona 
Moorhead 
Moorhead 
St Louis 
St Jospeh 
Kansas City 
Point Lookout 
Rolla 
Columbia 
Rolla 
St Louis 
St Louis 
Jackson 
Jackson 
Camden 
Newark 
Camden 
Incline Village 
New York 
New York 
Ithaca 
Ithaca 
Poughkeepsie 
Rochester 
Rochester 
Troy 
Bufialo 
West Point 
West Point 
Rochester 
Columbus 
Hiram 
Kent 
Kent 
Canton 
S. Bradley 
W. C. Pine 
E. A. Connors 
R. S. Pclosi 
C. C. Adams 
D. Housman 
D. Housman 
Sr. K. Ryan 
S. Sands 
B. Mayfield 
B. Mayfield 
C. 0. Harris 
M. Meerschaen 
M. Meerschaen 
G. A. Klaascn 
G. A. Klaasen 
C. E. Hee 
C. E. Ealy Jr 
I. Schochctman 
M. F. Wyncken 
K. Schilling 
H. Skala 
R. M. Jeppson 
Ron Jeppson 
J. Behle 
K. W. Lee 
J. Soptick 
L. Campbell 
L. M. Hall 
M. Ashbaugh 
G. Haddock 
H. Mukai 
H. Mukai 
J. Smith 
J. Smith 
w. Y. Lee 
E. Boylan 
w. Y. Lee 
S. Wclsch 
E. Kondopirakis 
E. Kondopirakis 
R. Rowdy 
R. Roundy 
J. TcnEyck 
N. G. Rich 
N. G. Rich 
D. A. Drew 
A. C. Green 
R. W. Sinclair 
D. C. Arncy 
S. Gonck 
E. E. Berger 
M. A. Grajek 
A. S. Cavaretta 
A. S. Cavaretta 
M. Niver 
PL’ 
PL 
PLb 
PL 
PL 
SSb 
PLb 
PL 
PL 
PLb 
PL’ 
PL 
PLb 
PL 
PL’ 
ss 
PLb 
PL 
PLb 
PL’ 
PL 
PL 
SS’ 
PL 
PL 
PL 
PL 
PLb 
PLb 
PLb 
PL’ 
PLb 
PLC 
S.9 
PL 
PL 
PL 
PL’ 
PL 
PLb 
PL’ 
PLb 
PLC 
PL 
PL’ 
PL 
PL’ 
PL 
PLb 
SSJ 
PL 
PL 
PL 
PL’ 
SS’ 
PL 
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Appendix-continued 
Institute City Advisor Problem 
Ohm 
Marietta Coil. 
Miami Univ. 
Oberlin Coll. 
Ohio Northern Univ. 
Ohio State Univ. 
Wittenberg Univ. 
Xavier Univ. 
Marietta 
Oxford 
Oberlin 
Ada 
Columbus 
Springfield 
Cincinnati 
Oklahoma 
Oklahoma City Community Coil. 
Oklahoma State Univ. 
Oklahoma City 
Stillwater 
P0VlS~lLUl~1~ 
Bryn Mawr Coil. 
Carnegie-Mellon Univ. 
Indiana Univ. 
Indiana Univ. 
Messtah Coll. 
Messiah Coil. 
Moravia Coll. 
Bryn Mawr 
Pittsburgh 
Indiana 
Indiana 
Grantham 
Grantham 
Bethlehem 
South Carolina 
Clemson Univ. 
Clemson Univ. 
Clemson 
Clemson 
Tennessee 
David Lipscomb Coll. Nashville 
Tt?UlS 
Baylor Univ. 
Lamar Univ. 
Southern Methodist Univ. 
Trmity Univ. 
Univ. of Texas 
Univ. of Texas 
Waco 
Beaumont 
Dali.% 
San Antonio 
Odessa 
Odessa 
Utah 
Bngham Young Univ. 
Weber state Coil. 
Provo 
Egden 
Vermont 
Univ. of Vermont Burlington 
Washmgron 
Eastern Washington Univ. 
Umv. of Puget Sound 
Western Washmgton Univ. 
Western Washmgton Univ. 
Cheney 
Tacoma 
Bellingham 
Bellingham 
Wisconsin 
Belolt Coll. 
Beloit Coil. 
North Central Tech. Inst. 
Univ. of Wtsconsm 
Beloit 
Beloit 
WallSall 
Oshkosh 
Canada 
Dalhowe Umv. 
McGill Univ. 
Queen’s Umv. 
Queen’s Univ. 
Unn. Lava1 
Unrv. Lava1 
Umv. of Alberta 
Unw. of Alberta 
Univ. of Toronto 
Umv. oi Toronto 
Univ. of Victoria 
Univ. of Waterloo 
Univ. of Waterloo 
Halifax 
Montreal 
Kingston 
Kingston 
Quebec 
QUCbcC 
Edmonton 
Edmonton 
Toronto 
Toronto 
Victoria 
Waterloo 
Waterloo 
Honk Kong 
Hong Kong Baptist Coll. 
Hong Kong Baptist Coll. 
Kowloon 
Kowloon 
SS = Salt Storage; PL = Parking Lot. 
‘Outstanding Meritorious; “Meritorious; ‘Honorable Mention. 
J. R. Michcl 
B. Plybon 
J. Witmer 
C. Childrns 
T. Ralley 
W. J. Higgins 
R. Pulskamp 
G. Pekara 
J. R. Choike 
M. Martclli 
R. C. Walker 
C. Benness 
C. Bertness 
M. Brubaker 
M. Brubaker 
R. Gingrich 
W. H. Ruckle 
W. H. Ruckle 
M. Miller 
F. Mathis 
J. A. Baj 111 
R. Haberman 
J. E. Gayek 
J. A. Nickel 
F. Khosravayani 
D. R. Snow 
K. Hyde 
D. C. Morency 
Y. Nievergelt 
R. Beezer 
J. R. Reay 
J. R. Reay 
P. D. St&in 
P. D. Straffin 
R. Henning 
R. A. Hollister 
J. C. Clement 
J. E. Turner 
R. Erdahl 
R. Erdahl 
8. R. Hodgson 
8. R. Hodgson 
T. Rogers 
T. Rogers 
G. F. D. DuR 
G. F. D. Dufi 
R. Illner 
D. Seigel 
D. Seigel 
F. Hickernell 
PL 
PLb 
PL 
PL 
PLb 
PL 
PL’ 
ss 
PL’ 
PL’ 
PL 
PL 
PL 
ss 
PL 
SS’ 
PLb 
PL 
PL 
PL’ 
PL 
PL 
PL’ 
PL 
ss 
PL 
PL’ 
ss 
ss 
PL 
PL’ 
PLb 
ss 
PLb 
PL’ 
PLb 
ss 
ss 
PLb 
SS’ 
PL’ 
ss 
PL 
PL 
PLb 
SS’ 
PL’ 
SS’ 
SS’ 
PL’ 
F. Htckernell PL 
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CAUTIONS 
For the reader of research journals 
The reader is requested to keep these student papers in context. Usually a published paper has 
been presented to an audience, shown to one’s colleagues, rewritten by the author and checked by 
a referee. These papers are the result of three undergraduates working on a problem over a weekend. 
It was our feeling that it would be artificial to allow rewrites-it could give a false impression of 
accomplishment. So these papers are essentially au nature/. Only typographical and similar minor 
errors have been corrected. Please peruse these student efforts in that context. 
For the potential MCM advisor 
It might be overpowering to encounter such output from a weekend of work by three 
undergraduates. However, these four solution papers are highly atypical. A team that does a 
reasonable amount of preparation will have an enriching learning experience, independent of what 
any other team has done. 
